In polycistronic genes, uORFs (upstream open reading frames) within the 5 -transcript leader sequence of major ORFs may regulate the translation of these major ORFs. In this case, ribosome reinitiates translation at a start codon of downstream ORF after translation termination of uORF. The plant RPL24 (ribosomal protein L24) is a key factor for translation reinitiation of downstream ORFs on the polycistronic cauliflower mosaic virus 35S RNA transcription unit. In the RPL24-deficient mutant of Arabidopsis, short valve (stv), the basal region of the ovary is shortened, whereas the gynophore appears elongated. This phenotype is never seen in known mutants of other ribosomal protein genes, suggesting that RPL24 has a specific role in gynoecium development. Similar phenotypes were observed in the ett (ettin) and mp (monopteros) mutants. Both ETT and MP genes possess uORFs. We examined the hypothesis that these uORFs regulate their downstream major ORFs by a transient expression assay in Arabidopsis mesophyll protoplasts. Our results supported the idea, suggesting that the structural defects of the gynoecium in stv mutants were caused by decreased efficiency of translation reinitiation of ETT and/or MP.
Introduction
In eukaryotes, a uORF (upstream open reading frame) of a major ORF, sometimes located within the 5 -transcript leader sequence, might regulate the translation of the major ORF [1] . In the initiation of translation of such genes, a ribosome small subunit scans the mRNA from the 5 -cap structure for a start codon and associates with a large subunit to initiate the translation of the uORF. At the stop codon of the uORF, the ribosome subunits dissociate and reassociate further downstream at the start codon of the major ORF to reinitiate translation.
Cauliflower mosaic virus 35S RNA is a polycistronic transcription unit. Translation reinitiation of the downstream ORF is enhanced by TAV (transactivator), which is encoded in the cauliflower mosaic virus genome [2] . RPL24 (ribosomal protein L24) interacts with TAV, and overexpression of RPL24 stimulates TAV-dependent reinitiation of translation in plant protoplasts [3] . These studies indicated that the RPL24 has an important role in translation reinitiation in plant cells. Short valve (stv), in which an RPL24 gene is deleted, shows abnormal gynoecium development A novel Arabidopsis mutant, stv, in which one of two RPL24-encoding genes was deleted, shows a unique phenotype in apical-basal patterning during gynoecium development in addition to the phenotypes common among known mutants of cytosolic ribosomal protein genes [4] [5] [6] . The Arabidopsis gynoecium is composed of four distinct parts, stigma, style, ovary and gynophore, in apical-basal order ( Figures 1A and  1D ). In the gynoecium of stv, the boundary between ovary and gynophore is at a more distal position when compared with that in the wild-type gynoecium, resulting in a reduced size of the ovary and an elongated gynophore ( Figures 1B and  1D ). Thus STV/RPL24 has a specific function in gynoecium development.
Gynoecium phenotypes similar to stv occur in auxin-related mutants
Auxin is a phytohormone which plays important roles in plant morphogenesis and is known to be distributed through plant organs by polar transport systems. Inflorescences sprayed with an inhibitor of polar auxin transport at an early stage of flower development resembled flowers of stv, indicating that auxin-mediated processes are involved in the apical-basal patterning of the gynoecium [7] . On the other hand, two auxin-related mutants, ett (ettin) and mp (monopteros), show gynoecium phenotypes that resemble stv ( Figure 1C ) [8, 9] . ETT and MP encode ARFs (auxin-response factors), which regulate the expression of auxinresponse genes [10, 11] . Double mutant analyses clarified that stv enhances the phenotypes of a weak allele of ett. As shown in Figure 1 (E), some inflorescences of stv ett double mutants did not form flowers at the shoot apex. Such pin-shaped shoot apices can be induced by severe blockage of polar auxin transport [12] , but they are never observed in stv or ett single mutants. These results indicated that STV and ETT function in flower bud formation, as well as gynoecium development, and suggested that STV interacts genetically with ETT.
uORFs of ETT and MP repress the expression of downstream ORF
We checked the cDNA sequences of ETT and MP in the Arabidopsis Information Resource database (http://www. arabidopsis.org/home.html) and found that both of them possess uORFs. The occurrence of transcripts from the uORFs in their 5 -transcript leader sequences was confirmed by reverse transcriptase-mediated PCR. In ETT, we found that the 5 -transcript leader sequence was longer than indicated in the database and contained two uORFs. In contrast, the MP 5 -transcript leader sequence included six uORFs.
On the basis of these observations, we proposed the hypothesis that expression of ETT and/or MP is dependent on the translation reinitiation of the downstream major Figure 1F ). When the start codons of both uORF1 and uORF2 were mutated, the activity of the reporter gene was increased. Similar results were obtained in MP 5 -leader constructs. These results support our hypothesis that uORFs in ETT and MP tightly regulate the expression of the downstream major ORF. Is the translational regulation by uORFs common among ARF genes? There are 23 ARF genes in the Arabidopsis genome [13] and cDNA sequences of 16 of them are available in the database. Among these, eight ARF genes actually have one or more uORFs in their 5 -transcript leaders (Table 1) . Further analyses are necessary to clarify whether all these uORFs regulate the expression of their downstream ORFs.
Conclusions
We hypothesize that the translation of ETT and MP could be regulated by their uORFs, and that the gynoecium phenotype shown in stv could be caused by decreased efficiency of ETT and/or MP translation reinitiation. Our results indicate that translational regulation is involved in the apical-basal patterning during gynoecium development. Further studies are required to clarify the significance of translational control in auxin-mediated signalling pathways.
